By Vheir very nature, jute materials in use are often exposed to such climatic influences as sunlight, rain, and dew; if the moisture content of the fabrics remains high for sufficient periods, fungal growth takes place, along with chemical changes in the fiber material due to actinic degradation. Mildew damage also takes place quite often under the totally different conditions of storage, sometimes inside the bale. Routine isolations from such samples on the usual nutrient media have repeatedly given only a limited number of species which are common contaminants on jute (e. g., Aspergillus terreus, A. fuminatus, Paecilomyces varioti, Penicillium citrinum), but there have been indications to suggest that other organisms, such as Chaetomium species, played an important part but failed to appear on these media owing to slow growth or other reasons.
The need for using special media and techniques to gain a more comprehensive picture of the flora growing on textile materials has been realized also by other workers. Heyn (1958) emphasized the importance of using different media for isolation; Zuck and Diehl (1946) commented on the inadequacy of media (like Malt Agar and filter-paper agar) commonly used for the isolation of fungi from damaged cotton materials.
The main purpose of the present work was to study the nature of the fungi that develop under the two important conditions of damage of jute materials in practice, weather exposure and storage, and then to compare these fungi with those known from previous studies of a more general nature on jute-decomposing fungi (Basu, 1948; Basu and Ghose, 1950b; Basu and Bhattacharyya, 1951) . Suitable methods were first devised for the isolation of species.
MATERIALS AND METHODS Czapek solution, often used as the basal medium, had the following composition: NaNO3, 2 g; K2HPO4, 0.75 g; KH2PO4, 0.25 g; MgSO 47H20, 0.5 g; KCl, 0.5 g; distilled water, 1 liter; the pH was normally adjusted to 7.0. For solid media, 1.5 g of agar per 100 ml of solution were used.
When using jute extract as a supplement, equal volumes of Czapek solution having twice the salt concentration given above and a hot-water extract of jute having twice the concentration finally desired were mixed.
For the purpose of plating, clippings of infected fibers were well mixed with 20 ml of molten agar media in Pyrex tubes (15 by 2.5 cm) and poured into petri dishes (15 cm diam), which provided ample room for the growth of a large number of colonies.
Media were sterilized at 15 psi for 15 min. When testing an acidic pH, a drop of lactic acid syrup was added to each tube before plating; this shifted the pH from 7.0 to about Fungi encountered throughout this work are recorded according to Jjmari reference numbers in Tables 1 and 2,  those in the latter table being Medium 1: tap water agar with filter paper. A sheet of sterilized filter paper (Whatman no. 1) was laid on the solidified layer of the medium.
Medium 2: Potato Dextrose Agar. Extract of 20 g of peeled potatoes and 1.5 g of dextrose per 100 ml.
Medium 3: Czapek agar. Czapek Solution Agar with 3 g of dextrose per 100 ml.
Medium 4: Czapek agar with jute powder. Czapek Solution Agar with 1 g of jute powder per 100 ml.
Medium 5: Czapek agar with CMC. Czapek Solution Agar with 1 g of CMC (carboxymethyl cellulose, an I. C. I. product called Cellofas B) per 100 ml.
Medium 6: Heyn's medium (Heyn, 1958) . A sheet of sterilized filter paper was laid on a solidified layer of agar medium containing (per 100 ml of tap water): KNO3, 0.1 g; K2HPO4, 0.1 g; MgSO4r7H20, 0.02 g; CaCl2, 0.01 g; FeCl3, 0.002 g.
Medium 7: Czapek agar with filter paper. A sheet of sterilized filter paper was laid on a solidified layer of Czapek Solution Agar.
Medium 8: Czapek agar with swollen cellulose. Czapek Solution Agar containing 1 g of swollen cellulose per 100 ml. Swollen cellulose was prepared from cotton cellulose by swelling with phosphoric acid, as suggested by Walseth (1952) .
Medium 9: Czapek agar with CMC and jute extract. Czapek Solution Agar containing 1 g of CMC and extract of 5 g of jute per 100 ml.
Medium 10: Czapek agar with cellodextrin. Czapek Solution Agar containing (per 100 ml) 1 g of cellodextrin.
To prepare the cellodextrin, powdered filter paper was dissolved in 70 % sulfuric acid (w/w) cooled in ice. After 1 hr, the solution was poured into excess ice water with stirring and allowed to stand overnight. The supernatant fluid was poured off, and the precipitate was dialyzed against running tap water for 72 hr. After centrifugation, the precipitate was washed with 95 % alcohol, followed by acetone, and air-dried.
Medium 11: Czapek agar with jute extract and filter paper. A sheet of sterilized filter paper was laid on a solidified layer of Czapek Solution Agar containing the extract of 5 g of jute per 100 ml.
Medium 12: Czapek agar with dextrose and jute extract. Czapek Solution Agar containing 1 g of dextrose and the extract of 5 g of jute per 100 ml.
Six tubes were used for each medium; three were acidified with lactic acid. Three incubation temperatures (27, 30, and 34 C) were tried; two tubes at each temperature, one with and one without acid, were used. With filter-paper media, the clippings were uniformly spread on the sheets laid on the solid media.
The petri dishes were examined after 7 days of incubation, and the intensity of growth of individual fungal [VOL. 10 FUNGI ON JUTE FABRICS species was recorded as heavy, moderate, or mild, depending on the number of colonies. The results are given in Table 3 .
Almost all of the species isolated throughout this experiment were covered by media 10 and 12 (Czapek agar with cellodextrin and Czapek agar with dextrose and jute extract). For further studies, media 4 and 11 were also included, as it was thought they might be particularly suitable for fungi specifically decomposing jute and cellulose, respectively. Since the fungi grew better in acidic media, only the latter were used. The incubation temperature was 30 C, since this seemed to give the best growth without the risk of too quick drying.
Fungi growing on weather-exposed jute and cotton canvases. A sample of jute canvas was used for weatherexposure tests; for the sake of comparison, a similar cotton canvas was also included. The samples were exposed, from about the middle of August to the middle of October, on the roof of the laboratory at an angle of 450 to the South. There were spells of sunshine and rainfall, the latter often heavy towards the beginning of the exposure period. Small pieces of fabric were cut out every week for plating. The petri dishes were examined after 7 days of incubation (Table 4) .
The majority of the fungi were found to be dark-colored, and the number of species increased with the period of exposure. It was further observed that a single medium or even two media were not sufficient to bring out all of the species; thus, the unidentified fungus 186 appeared quite frequently only on the jute powder medium, whereas Sporotrichum sp. 175, Nodulisporium sp. 180, Fusarium sp. 185, and unidentified sp. 179 grew on the jute extractfilter paper medium.
To determine whether there were any differences in nature and intensity of fungal growth on the upper (exposed) and lower (shaded) surfaces of the samples, scrapings from both surfaces of jute and cotton canvases exposed for 10 weeks were plated in the four media. The results (Table 5) isolates. Filter-paper discs (about 5.5 cm) and jute fibers (about 0.4 g) were accurately weighed and placed in 125-ml Pyrex conical flasks containing glass beads and 10 ml of Czapek solution; these were sterilized and inoculated with the new isolates (excepting no. 183, 186, and 187). After incubation for 14 days at 30 C, the fungi were killed by a few drops of a mixture of ethyl alcohol and formalin, the surface growth scraped off as well as possible from the substrates, and the residues weighed after washing and drying. The materials were conditioned at 65 % relative humidity and 30 C before both initial and final weighing. Uninoculated but sterilized flasks were also included for correction of weight to obtain the true loss due to fungal growth alone. The results are given in Table 7 .
The majority of the new isolates decomposed either jute or cellulose, or both, to a significant extent. Among these, Sordaria hypocoproides 173 was exceptional in attacking jute more strongly than pure cellulose, while the reverse effect was shown most remarkably by the nonsporulating fungus 181. 
DISCUSSION
The results obtained confirmed the expectation that, in the analysis of fungi growing on vegetable textile materials under natural conditions, the use of ordinary laboratory media is not enough. Several significant species were isolated only on special media, of which cellodextrin agar and Czapek's agar supplemented with jute extract proved best, although so far no single medium has been found which might be adequate for the growth of all relevant fungi. The advantage of cellodextrin as a carbon source no doubt lies in the fact that it eliminates superficial organisms to some extent, while allowing somewhat quicker growth of cellulose decomposers than does cellulose itself. The callodextrin medium had the added advantage of often producing transparent zones around the colonies; this gives a rough idea of the cellulolytic capacity of the organism.
The widespread need for micronutrients for the growth and sporulation of fungi, including cellulose decomposers, has been demonstrated by many authors. Marked oligodynamic action of thiamine, biotin, and calcium has been shown by Buston and Basu (1948) , Basu and Bose (1958) , and Basu (1951 Basu ( , 1952 with species of Chaetomium and Memnoniella echinata. These micronutrients are present in jute, along with a number of vitamins and trace elements (Buston and Basu, 1948; Basu, 1951) . Indications were also obtained of the presence of as yet unidentified growth factors in jute extract, and it was actually shown by Basu (1949) that leached jute and cotton canvases were much more resistant to rotting. The superior results obtained with jute extract added to media in the present experiments may therefore be considered as due to a supply of a suitable mixture of micronutrients. As a carbon source in such media, a relatively low level of sugar seems best, giving restricted colonies and quicker sporulation, which favors isolation and identification. Organisms which responded markedly to jute extract need further study from the physiological point of view. So does Sordaria hypocoproides, which seemed to grow better in a liquid medium containing jute fibers than on solid media, including jute-agar. Purely physical factors may be involved here, and this fungus is probably illustrative of species that are missed on agar media, even though strongly infecting the original fiber.
Comparing the flora of weather-exposed jute and cotton canvases, we found some similarity, although Helminthosporium halodes and Nodulisporium sp. were isolated only from jute, while Curvularia tetramera, Sporotricum sp., sterile fungus 181, and Fusarium spp. 183 and 185 were isolated only from cotton. Of the three Fusaria, 182 occurred both on jute and cotton, but far more frequently on the latter. Sometimes the geographical factor may be important; for example, Memnoniella echinata, found to be dominant in decomposing cellulosic materials in the South West Pacific areas (Siu, 1951) , was not encountered here in these or previous experiments. Apart from occurrence, it was found that the ability to decompose jute and pure cellulose sometimes varied greatly; cellulose was often decomposed to a greater extent than jute, and this agrees with our previous similar experiments, using jute and cotton fibers and better-known organisms (Basu, 1948; Bose, 1952) . The rate of loss of tensile strength of cotton canvas had also been found by Basu (1949) to be greater than that of jute canvas, when the samples were exposed to mixed infection inside a humidity chamber. In the present weather-exposure experiments, visual examination revealed no perceptible difference in degree of attack; it is likely that the difference was narrowed owing to the increased susceptibility of jute caused by the action of sunlight (Basu and Ghose, 1952; Bose, 1961 A change in the composition of the flora was noticeable with the progress of exposure; for example, Cladosporium sp. 32, which is known to be slow growing, appeared only towards the end. With jute, at least, the gradual change in the composition of the fiber due to sunlight and rain may have altered the flora. That little difference in intensity or variety of growth was observed between the upper and lower surfaces was somewhat unexpected, since there would be differences in the amount of light and probably also of moisture. Zuck and Diehl (1946) observed more prominent growth on the under surface of exposed gray cotton cloth.
Jute bags deteriorating in storage yielded only four species not previously found in this laboratory, namely, Sporotrichum sp., Sordaria hypocoproides, Thielavia sepedonium, and Penicillium 187. Of these, the last 3 were not encountered on exposed canvases, which yielded all of the other 13 species recorded in Table 2 . This difference can be attributed to greater chances of contamination on exposure to the atmosphere than in storage (usually in bales), and to greater variability in external conditions (e. g., sunlight and moisture) and composition of the fiber substrate under weathering conditions, affording opportunities to a greater variety of species to grow. Any difference due to the use of different fabrics, i.e., canvas and bag, is likely to be slight.
Of the newly encountered species, none of which had previously been found on jute, all but four were isolated from jute in the present experiments. The results of weight-loss experiments (Table 7) show that some of these may be important jute decomposers, particularly in weather exposure. Fungi which attack cotton or decompose pure cellulose have been more thoroughly searched for, but, of the organisms found to be active cellulose decomposers in this study, so far as we know the genera Ascochytula and Nodulisporium have not yet been so implicated. Sporotrichum has been described as having weak cellulolytic activity (White et al., 1948) . No mention is found of Curvularia tetramera, Sordaria hypocoproides, and Helminthosporium halodes, although several other species of these genera are recorded in connection with cotton decomposition (Siu, 1951) . Thielavia sepedonium (White et al., 1948) and various Fusarium species are known in this context. The sterile dark-colored fungus 181 proved to be one of the strongest cellulose decomposers in this study; in the program sponsored by the U.S. Army Quartermaster Corps and the National Defense Research Committee during World War II, 4,500 fungi were isolated from exposed cotton textiles, out of which 506 proved to be sterile, comprising both cellulolytic and noncellulolytic types (Siu, 1951) . From field cotton, Heyn (1958) isolated a strongly cellulolytic nonsporulating fungus with purple hyphae. These results indicate that sterile fungi may play an important role in the decomposition of cellulosic fibers.
